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The Characteristics of Sigma Phase Precipitated in HK40-alloy

Daizo YAMASAKI, Isao HIRATA, Tatsuo MORIMOTO, and Kaoru Ono

Synopsis:

Concerning the sigma phase which has precipitated in HK 40 heat resistant cast steel, a study has
been carried out with the object of clarifying its properties, precipitation mechanism and the effect on

material strength.
The results obtained are as follows.

(1) The sigma phase precipitating in HK 40 alloy has two types in its shape and chemical com-
position, i.e. the massive type and the “needle type”. And it seems that the two types of sigma have

different precipitation mechanism.

(2) The massive type sigma phase precipitates in the P.F.Z. (precipitate free zone) around the
primary carbide and grows up to about the same size as the primary carbide. On the other hand,
the “needle type sigma phase” precipitates directly from the matrix.

(3) Both types of sigma phase reduce the material strength, especially the needle type sigma phase
affects it sevesely. But the effect of massive type sigma phase doesn’t appear unless it precipitates more

than 2 or 395 in volume.
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Photo. 1. Microstructure of sample tube.
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Table 1. Chemical composition of electrolytically
extracted residues (carbide).

I\SI / Element Fe Cr Ni Si G
O.
1 g wt% | 11.1 1 79.4| 1.5 1.1 5.7
g= ato, | 8.8 67.5| 1.1 1.8 20.9
8
9 & |wto% | 14.8 | 67.8 | 2.6 | 4.4| 5.3
8 at9, | 12.0 1 59.0 2.0 7.2 19.9

Table 2. Chemical composition of electrolytically
extracted residues (carbide+ ¢ phase).

Element Fe Cr Ni Si C
.. |wtep | 31.0]54.8] 6.4 1.8] 2.4
Composition | =2/ | 9870 [ 53.3 | 5.5| 3.3| 9.9
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Photo. 2. Secondary electron image of ¢ phase E c E v
and carbide. Fig. 1. Line analysis by X.M.A.
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Fig. 3. Relation between ¢-phase and tensile
properties at elevated temperature.
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Fig. 4. Relation between stress and rupture time
of ¢ precipitated HK 40.
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Fig. 5. Creep rupture master curve of HK40,
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g Photo. 4. X-ray diffraction pattern of electrolytically extracted carbide.
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Photo. 5. X-ray diffraction pattern of electrolytically extracted carbide and
needle type ¢ precipitation.
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Photo. 7. Fructure surface at room temp.
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st s Table 3. Residual life of precipitated part.
o @ needle [
o & massive §
~o . Calculated life Residual life
N oy Sample time. (h)*: time (h)
\.goo'c O~
PP~ L [ Needle-o
ky m\. S precipitated 23 676 676
Te—00C 8, Massive-¢
N \JG " precipitated 29 570 6 570
5 10 5x10  10° sx10° 107 No ¢
Time to ruptre (h ) precipitated 65 642 42 642
Fig. 6. Relation between ¢ content and *1 estimated from master curve
creep rupture time.
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